INTRODUCTION
============

Hip fracture is a worldwide health issue and is associated with substantial morbidity and mortality.[@b1-13-195]--[@b3-13-195] Approximately 312,000 hip fractures occur in the United States yearly, and these numbers are predicted to increase in the coming decades.[@b4-13-195]--[@b9-13-195] There are three hip fracture types, of which femoral neck fractures account for approximately half.[@b10-13-195],[@b11-13-195] Treatment of choice for hip fractures typically involves either closed or open reduction with internal fixation with either cannulated hip screws, a dynamic hip screw (DHS), cephalomedullary nail (CMN), or arthroplasty fixation with hemiarthroplasty (HA) or total hip arthroplasty (THA) depending on the morphology of the fracture.[@b4-13-195],[@b12-13-195]--[@b14-13-195] Patient factors, including, but not limited to, age, activity, comorbidities, functional demands, and the perceived risk of secondary surgery, also affect the treatment of choice for femoral neck fractures.[@b4-13-195],[@b15-13-195] Regardless of fixation method, studies have reported complication rates of up to 45%, including hardware complications, screw penetration, nonunion, and osteonecrosis of the femoral head.[@b16-13-195]--[@b18-13-195] Several factors have been implicated, including age, gender, unhealthy lifestyle, alcohol use, previous fracture, and cigarette smoking.[@b19-13-195]--[@b24-13-195]

Cigarette smoking has been associated with many problems involving the musculoskeletal system. Previous studies have shown that smokers and nicotine users are more likely to have prolonged wound healing, higher risk of wound infection, higher incidence of fracture, higher incidence of nonunion of fracture, higher risk of malunion, prolonged time to fracture union, and increased risk of osteomyelitis following fracture.[@b25-13-195]--[@b33-13-195] Kahlenberg and colleagues[@b34-13-195] examined many risk factors associated with conversion from closed reduction with percutaneous pinning (CRPP) to arthroplasty. Their results found that smoking was not associated with revision of CRPP to HA or THA. The study, however, only investigated patients older than 65 years of age, neglecting a population likely more active, and more likely to be a smoker. Gardner and colleagues[@b35-13-195] investigated failure of open reduction using sliding hip screws versus cannulated screws in patients younger than 60. This study, however, only looked at failure in the first six months following initial surgery and had only nine smokers in the study. The impact of smoking that results in re-operation and revision surgery after repair of femoral neck fractures, however, remains unclear, and there are limited studies that have evaluated or discussed this issue rigorously. The specific aim of this study was to review if there is an influence of cigarette smoking on re-operation and revision after femoral neck fracture treatment.

METHODS
=======

Subjects
--------

Institutional Review Board approval was obtained for the study. This study retrospectively reviewed clinical charts and radiographic studies of patients who sustained a femoral neck fracture. The inclusion criteria were confined to subjects who were older than 18 years and received treatment of femoral neck fracture from January 2012 to August 2018 from numerous hospitals within a selected single institute in the Midwest region. Subjects with a history of previous hip surgery, with pathological fractures (other than from osteoporosis), or with fractures involving either trochanter or extending beyond the intertrochanteric line were excluded from the study.

Study Groups
------------

Pre- and post-operative hip radiographs (anteroposterior and lateral views) were reviewed and categorized by femoral neck fractures type, initial surgical treatment, and complication identification evaluation. The femoral neck fracture type was categorized with the Garden classification (Type I: non-displaced incomplete or valgus-impacted fracture; Type II: complete fracture without displacement of the fracture fragments; Type III: complete fracture with partial displacement of fracture fragments; Type IV: complete fracture with total displacement of the fracture fragments with femoral head able to rotate back to anatomic position). Three groups of subjects were compared: active smokers (Group 1), former smokers (Group 2), and non-smokers (Group 3). Group 1 included those that reported smoking use at the time of fracture and surgery, Group 2 included those that reported smoking use but had quit at least six months prior to fracture and surgery, and Group 3 included those that had no smoking history.

Variables
---------

Clinical chart review was performed including documentation of age, gender, body mass index (BMI), surgical date, side of procedure, and smoking status. Radiographic study variables included the femoral neck fracture type, initial fixation method (CMN, DHS, cannulated hip screws, HA, or THA), and for cases of initial treatment failure undergoing revision, type of failure, type of revision, and time between initial treatment and revision were also recorded.

Statistical Analysis
--------------------

A two-sample t-test was used to determine if there were any observed differences between groups regarding subject demographics (age and BMI). The Chi-square statistic was used to compare a distribution of gender for each group of surgical treatment of neck fracture. The Fisher's exact test method was utilized to compare significant effects among different treating methods between the three groups. All statistical testing methods used were performed using IBM SPSS Statistics software (Version 24.0.0.0; SPSS Inc., Chicago, IL), and the statistically significant relationships were defined as those with a p value less than 0.05.

RESULTS
=======

A total of 1,484 femoral neck fracture cases were identified, of which 32 cases were excluded due to not being able to identify the patient's smoking status. Overall, there were 165 active smokers (91 females, 74 males), 506 former smokers (254 females, 252 males), and 780 non-smokers (586 females, 194 males; [Table 1](#t1-13-195){ref-type="table"}). The mean age and BMI were 79 ± 13 years (range: 19 -- 104 years) and 25.2 ± 4.9 kg/m^2^ (range: 10.6 -- 52.3 kg/m^2^), respectively. There was no statistical difference found between each group in BMI (p \> 0.05), however, patients who were active smokers tended to be younger than patients who were former smokers or never smokers (p \< 0.05; [Table 1](#t1-13-195){ref-type="table"}). In subjects less than 65 years old, the active smoker group had an elevated risk of femoral neck fracture than the former smoker group or the non-smoker group (43% vs. 9% vs. 10%, p \< 0.0005; [Table 2](#t2-13-195){ref-type="table"}).

A higher rate of femoral neck fracture was found in females (64%) than males (36%), especially in the active smoker group (55%) and the non-smoker group (75%; [Table 1](#t1-13-195){ref-type="table"}). Within the male population, both active smokers (74 of 165 subjects; 45%) and former smokers (252 of 506 subjects; 50%) tended to have higher rates of femoral neck fracture compared to the non-smokers (194 of 780 subjects; 25%; p \< 0.0005; [Table 1](#t1-13-195){ref-type="table"}).

A higher percentage (20%) of younger active smokers (less than 65 years of age) were treated with THA compared to the other groups (Group 2: 5%, Group 3: 4%; p \< 0.0005; [Table 2](#t2-13-195){ref-type="table"}). Overall, a total of 335 cases were treated with open reduction internal fixation (ORIF) (Group 1: 53 cases, Group 2: 113 cases, Group 3: 169 cases), and only 12 cases (4%, 12 of 335 subjects) had re-operation and required revisions. Ten cases (3%) were revised due to nonunion, and two cases (1%) were revised due to hardware failure. Three of 53 cases (6%) in the active smokers group (Group 1) required revision. Two of these three cases were Type II fractures initially fixed with cannulated hip screws, and one was a Type IV fracture initially fixed with CMN ([Table 3](#t3-13-195){ref-type="table"}). Two of 113 cases (2%) in the former smoker group (Group 2) had initial failure fixation that required revision. Seven of 169 cases (4%) in the non-smoker group had initial failure fixation that required revision and one of these cases had the prominent hardware ([Table 3](#t3-13-195){ref-type="table"}). Statistically, no significant difference was found between each group in re-operation and revision in the ORIF groups (p \> 0.05). Female patients for each group were observed to encounter in most revisions (67%; [Table 3](#t3-13-195){ref-type="table"}).

All fractures of each group had different time intervals between the fracture and revision. Most revisions (92%) occurred within one year of initial fixation ([Figure 1](#f1-13-195){ref-type="fig"}). Only one case in Group 3 (63-year-old female) that sustained a Type III fracture initially fixed with a CMN was revised 390 days post-operatively to a THA due to non-union ([Table 3](#t3-13-195){ref-type="table"}).

DISCUSSION
==========

Cigarette smoking is a significant public health problem in the United States, and has been shown to increase the risk for hip osteoporotic fractures,[@b19-13-195],[@b23-13-195],[@b36-13-195],[@b37-13-195] and have a negative impact on surgical outcome and complication rates.[@b27-13-195],[@b28-13-195],[@b38-13-195]--[@b42-13-195] The results of this study indicated that cigarette smoking has a positive influence on re-operation and revision after femoral neck fracture treatment. This is especially apparent amongst the active and former male smokers who had 20% to 25% higher risk of sustaining a femoral neck fracture compared with those who had never smoked. This is consistent with previous studies and recently published meta-analyses.[@b19-13-195],[@b23-13-195],[@b36-13-195],[@b37-13-195],[@b43-13-195] One possible reason for this is that smoking may reduce bone mass by changing the proliferation of bone cells, specifically osteoblasts and osteoclasts.[@b44-13-195]--[@b46-13-195] Calcium is a major factor for maintaining bone health, and smoking may influence and impair the absorption of calcium and resultant metabolism of bone.[@b44-13-195],[@b46-13-195]

This study found that femoral neck fractures occurred more commonly in younger patients (\< 65 or \< 50 years of age) who were active smokers compared to those who were former smokers or nonsmokers; likely a reflection of the bone mass reduction associated with smoking. Several meta-analyses have demonstrated cigarette smoking leading to bone mass loss,[@b47-13-195],[@b48-13-195] and previous studies have demonstrated unfavorable effects of smoking on bone density and geometry in young men.[@b49-13-195]--[@b51-13-195] Other studies have shown that the negative effects of smoking on bone mass, including lower bone density and thinner bone cortex, amongst young adults would only be expected for individuals with greater tobacco intake.[@b52-13-195]--[@b55-13-195]

This study evaluated the impact of smoking resulting in revision surgery after fixation of femoral neck fractures, and the results of this study have demonstrated an increased risk of non-union in active smokers. A higher percentage of younger active smoker patients (age \< 65 years) were fixed with arthroplasty (either HA or THA). Treatment for displaced femoral neck fractures involving an arthroplasty procedure typically is viewed as less favorable for younger patients as they face greater physical demands over a longer period following a surgical procedure compared with older, less active patients. Additionally, revision THA in this population is fraught with complications, and each additional procedure carries increased risk and worsening outcomes. Currently, no literature supports basing femoral neck fracture treatment decision-making on smoking status; however, many of the young active smokers in this study struggled with osteonecrosis, poorer bone quality, existing degenerative or inflammatory arthritis; all of which are suspected to be due to smoking. Thus, combination of age and smoking history should play an indirect role in deciding which fixation construct type to use for femoral neck fractures.

It is postulated that only those patients without smoking-associated severe bone mass reduction were fixed with cannulated hip screws, a dynamic hip screw, and cephalomedullary nail. Only 4% (Group 1: 1%, Group 2: 1%, and Group 3: 2%) of all these fixation types for femoral neck fracture were revised to HA or THA, with non-union being the predominant reason for revision. This is a much lower revision rate than previously reported.[@b8-13-195],[@b34-13-195],[@b56-13-195] Kahlenberg et al.[@b34-13-195] and Kain et al.[@b56-13-195] found that approximately 10% of patients with closed reduction with percutaneous pinning for the femoral neck fracture required conversion to hip arthroplasty.

The preferred operative treatment choice for femoral neck fractures is to allow early patient mobilization to decrease the risk for complications and improve patient outcomes. Three cannulated hip screw fixation is a widely accepted surgical treatment for valgus-impacted and non-displaced femoral neck fractures (Garden Type I and II fractures),[@b12-13-195] however, the results of this study indicated that there was a trend toward higher re-operation rates in active smokers with Garden Type II fractures, but no statistically significant differences were found. As such, using a cannulated hip screw construct for femoral neck fixation in patients, especially active smokers with complete, nondisplaced fractures, should be used with caution. The other concerning fixation method in active smokers is the use of a cephalomedullary nail. Although only a few cephalomedullary nails were used in this study, half of those implanted for completely displaced femoral neck fractures required revision. While there is insufficient evidence to discourage the use of cephalomedullary nails in instances such as these, this construct should be used cautiously until more evidence is available to support the use of this implant for Type IV femoral neck fractures in smokers.

Previous studies[@b34-13-195],[@b56-13-195] have investigated the time between initial fracture fixation surgery and revision surgery and demonstrated an approximate average of 9 to 10 months. The findings in the present study corroborated these findings. The majority of revision surgeries in our study were less than one year post-operatively, except one case in which the revision occurred 390 days post-operatively. There is no pattern of when revision surgery was pursued in any of our study groups.

This study had certain limitations. The most significant limitation was the retrospective review nature with limited data (six years in a single health system). Due to lack of randomization or blinding, there is potential for selection and/or observation bias that may underestimate the impact smoking status may have on treatment choice for femoral neck fracture. Another limitation was that the patients who received open reduction internal fixation for femoral neck fracture may have undergone revision surgery outside our institution later than 12 months postoperatively, which would not have been registered in this study, and subsequently contributing to lack of long term follow-up data and fewer numbers of recorded revisions. This prevented application of tests of significance and reduced the ability to evaluate the correlation quantitatively. Last, this study did not evaluate the adequacy of anatomic reduction following surgical intervention, nor the time between fracture and surgical intervention, each of which may have played a role in the need for eventual revision. Despite these limitations, the implications of this study served an important role in supporting previous studies and adding to the literature regarding fixation constructs for femoral neck fractures, especially for smokers to best avoid the risk of necessary revision. Further research utilizing a larger study population is needed, and surgeons should encourage active smoker patients to quit, not only to reduce the risk of revision but also to increase bone healing.

CONCLUSION
==========

In summary, the overall findings of this study tended to show that cigarette smoking had a positive influence on re-operation and revision surgery after femoral neck fracture treatment especially amongst active and former male smokers. Active smokers tended to have a higher risk of re-operation that required revision compared with non-smokers or former smokers. Smoking history, especially heavy or long-term, should be considered when deciding which type of fixation construct to use for femoral neck fractures.
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###### 

Patient demographics for each group.

  Variable                         Group 1 (Active smoker) (N = 165)   Group 2 (Former smoker) (N = 506)   Group 3 (Non-smoker) (N = 780)   Overall (N = 1,452)         
  -------------------------------- ----------------------------------- ----------------------------------- -------------------------------- --------------------------- -----------
  Gender                           Female                              91 (55%)                            254 (50%)                        586 (75%)                   931 (64%)
  Male                             74 (45%)                            252 (50%)                           194 (25%)                        521 (36%)                   
  Age (year, mean ± SD) (range)    66 ± 13 (29 -- 94)                  79 ± 10 (38 -- 102)                 81 ± 13 (19 -- 104)              79 ± 13 (19 -- 104)         
  Age \< 65 years                  71 (43%)                            48 (9%)                             80 (10%)                         200 (14%)                   
  Age \< 50 years                  16 (10%)                            6 (1%)                              25 (3%)                          47 (3%)                     
  BMI (kg/m2, mean ± SD) (range)   24.3 ± 5.3 (14.7 -- 40.8)           25.6 ± 5.0 (14.8 -- 48.4)           25.1 ± 4.8 (10.6 -- 52.3)        25.2 ± 4.9 (10.6 -- 52.3)   

###### 

Initial fracture type and fixation construct type for each group.[\*](#tfn1-13-195){ref-type="table-fn"}

                                    Overall   Fracture type (Garden classification)   Fixation construct type[\*\*](#tfn2-13-195){ref-type="table-fn"}                                                                       
  --------------------- ----------- --------- --------------------------------------- ------------------------------------------------------------------ ----------- ----------- ----------- --------- --------- ----------- -----------
  **Group 1**           **Total**   165       23 (14%)                                46 (28%)                                                           57 (35%)    39 (24%)    43 (26%)    4 (2%)    6 (4%)    55 (33%)    57 (35%)
  **Age \< 65 years**   71 (43%)    11 (7%)   19 (12%)                                22 (13%)                                                           19 (12%)    26 (16%)    1 (1%)      2 (1%)    9 (5%)    33 (20%)    
  **Age \< 50 years**   16 (10%)    2 (1%)    6 (4%)                                  4 (2%)                                                             4 (2%)      10 (6%)     0 (0%)      2 (1%)    1 (1%)    3 (2%)      
  **Group 2**           **Total**   506       45 (9%)                                 146 (29%)                                                          240 (47%)   75 (15%)    106 (21%)   4 (1%)    3 (0%)    308 (61%)   85 (17%)
  **Age \< 65 years**   48 (9%)     8 (2%)    12 (2%)                                 18 (4%)                                                            10 (2%)     16 (3%)     0 (0%)      1 (0%)    5 (1%)    26 (5%)     
  **Age \< 50 years**   6 (1%)      2 (0%)    1 (0%)                                  3 (1%)                                                             0 (0%)      4 (1%)      0 (0%)      1 (0%)    0 (0%)    1 (0%)      
  **Group 3**           **Total**   780       51 (7%)                                 246 (32%)                                                          272 (35%)   211 (27%)   146 (19%)   13 (2%)   10 (1%)   506 (65%)   105 (13%)
  **Age \< 65 years**   80 (10%)    6 (1%)    34 (4%)                                 19 (2%)                                                            21 (3%)     35 (4%)     7 (1%)      1 (0%)    9 (1%)    28 (4%)     
  **Age \< 50 years**   25 (3%)     1 (0%)    13 (2%)                                 7 (1%)                                                             4 (1%)      13 (2%)     6 (1%)      0 (0%)    1 (0%)    5 (1%)      

The values are given as the number of cases (percent).

Screws: cannulated hip screws;

DHS: dynamic hip screw; CMN: cephalomedullary nail; HA: hemiarthroplasty; THA: total hip arthroplasty; ORIF: Open Reduction Internal Fixation

###### 

Cases of initial open reduction internal fixation failure for each group.

  --------------------------------------------------------------------------------------------------------------------------------
                                Initial fracture type (Garden classification)                                                
  ----------------------------- ----------------------------------------------- ---------- --------- -------- --------- ---- -----
  **Group 1 (Active smoker)**   **Screws**                                      Cases      18        21       3         1    43

  Revision                      0                                               2          0         0        2              

  Revision days (sex)                                                           63 (F)\                                      
                                                                                292 (M)                                      

  **DHS**                       Cases                                           1          1         2        0         4    

  Revision                      0                                               0          0         0        0              

  Revision days (sex)                                                                                                        

  **CMN**                       Cases                                           1          1         2        2         6    

  Revision                      0                                               0          0         1        1              

  Revision days (sex)                                                                                93 (F)                  

  **Group 2 (Former smoker)**   **Screws**                                      Cases      29        69       8         0    106

  Revision                      0                                               1          0         0        1              

  Revision days (sex)                                                           30 (F)                                       

  **DHS**                       Cases                                           1          2         1        0         4    

  Revision                      0                                               0          1         0        1              

  Revision days (sex)                                                                      364 (F)                           

  **CMN**                       Cases                                           1          1         1        0         3    

  Revision                      0                                               0          0         0        0              

  Revision days (sex)                                                                                                        

  **Group 3 (Non-smoker)**      **Screws**                                      Cases      40        101      4         1    146

  Revision                      1                                               4          0         1        6              

  Revision days (sex)           23 (M)                                          20 (F)\              70 (F)                  
                                                                                101 (F)\                                     
                                                                                67 (M)\                                      
                                                                                42 (M)                                       

  **DHS**                       Cases                                           3          6         2        2         13   

  Revision                      0                                               0          0         0        0              

  Revision days (sex)                                                                                                        

  **CMN**                       Cases                                           1          4         5        0         10   

  Revision                      0                                               0          1 (20%)   0        1 (10%)        

  Revision days (sex)                                                                      390 (F)                           
  --------------------------------------------------------------------------------------------------------------------------------
